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Abstract. A 14-year-old female was brought to the emergency room with chest pain, shortness of breath and cyanosis. She was
previously well with the exception of one previous post-exertion seizure-like event. On this day, she had been jogging when she
complained of chest pain and collapsed. Her initial vital signs were heart rate 58/min, blood pressure 70/40 mmHg, respiratory
rate 50/min, temperature 37 °C, and SaO2 68%. Electrocardiogram showed significant ST changes. She received multiple fluid
boluses and dopamine was initiated (5–20 μg/kg/min). She was intubated and started on norepinephrine (0.05–0.5 μg/kg/min)
for refractory hypotension. During the resuscitation, echocardiography showed poor left ventricular function with an ejection
fraction of 38%. The coronary arteries could not be visualized clearly. To maintain cardiac output, epinephrine by infusion
(0.1–3.0 μg/kg/min) was added, and she received multiple epinephrine boluses. Despite maximum ventilatory support and escalating inotropes, cardiac output rapidly deteriorated, and she developed an agonal rhythm with non-reactive pupils. Resuscitation
was discontinued. Autopsy demonstrated an anomalous origin of left coronary artery from the right aortic sinus of Valsalva with
acute myocardial ischemia. We describe the sudden coronary death of a young patient, and we review congenital coronary artery
pathophysiology, screening difficulties and potential interventions.
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1. Introduction
Sudden cardiac death is rare in pediatrics with an estimated incidence of less than 1:200,000 [1,2]. Congenital
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and acquired abnormalities can lead to sudden cardiac
death, and these causes can be further broken down
into structural heart disease, cardiomyopathies, coronary
artery abnormalities, arrhythmias, primary pulmonary
hypertension, and commotio cordis. A coronary etiology
is found in approximately 10% of all sudden cardiac
deaths in the young. A significant family history or a
past history of palpitations, chest pain or syncope, particularly with exertion, requires prompt attention by care
givers [1].
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In this article, we describe the sudden coronary death
of a young patient, and we review congenital coronary
artery pathophysiology, screening difficulties and potential interventions.

2. Case report
The patient was a physically active 14-year-old
female who had experienced one previous seizurelike episode following intense physical exertion. Previous investigations, which were interpreted as normal,
included computed tomography head imaging, electroencephalogram and electrocardiogram (ECG). She was
not taking any medications. On this presentation, she
was brought by a family member to the emergency
department in a Children’s Hospital. She had been jogging with a friend when she complained of chest pain
and collapsed. She was awake on arrival and her initial
pulse rate was 58/min, blood pressure 70/40 mmHg,
respiratory rate 50/min, temperature 37 °C and SaO2
was 68%. There was no evidence of arrhythmia. An
intraosseous line was rapidly placed and multiple fluid
boluses were given for hypotension. She was started
on dopamine, which was quickly elevated to 20 μg/kg/
min. A venous blood gas taken on arrival returned
with a mixed respiratory and metabolic acidosis
(pH 7.03, PCO2 60, HCO3- 16, BE -14.7), and lactate
was 5.4 mmol/L. The initial troponin-T was normal at
<0.01 μg/L. A chest X-ray demonstrated a normal cardiac
silhouette with bilateral pulmonary edema (Fig. 1A).
A 12 lead ECG showed bifascicular block (complete
right bundle branch block and left posterior fascicular
block) as well as significant ST changes suggestive of
ischemia (Fig. 1B). Given her refractory hypotension,
mixed acidosis and low SaO2, she was intubated and
norepinephrine by infusion (0.05–0.5 μg/kg/min) was
initiated. A subsequent cardiac echocardiogram showed
significant left ventricular dysfunction, particularly the
posterior wall, with an ejection shortening fraction of
38% (Fig. 1C). The left ventricle dimensions were normal (LVIDd [left ventricular internal dimension in
diastole] 4.5 cm [normal: 3.9–5.6], IVSd [intraventricular septum thickness in diastole] 0.95 cm [normal: 0.46–
1.08], LVPWd [left ventricular posterior wall thickness
in diastole] 0.77 cm [normal: 0.46–0.95]). Right ventricular function was normal. Additional intravenous access
was established with a femoral central venous sheath.
An epinephrine infusion (0.1–3.0 μg/kg/min) was also
started to maintain cardiac output with detectable systolic

blood pressures ranging from 53 to 80 mmHg. Possible
insertion of an intra-aortic balloon pump was considered, but could not be organized prior to the rapidly
worsening left ventricular function shown on echocardiogram. The SaO2 could not be maintained with bag
mask ventilation and a positive end-expiratory pressure
valve. She was therefore transferred to pediatric critical
care unit for advanced ventilation and further management. Despite maximum ventilation and inotropic support, cardiac output could not be maintained. She
subsequently developed an agonal rhythm with no
detectable blood pressure and required cardiopulmonary
resuscitation. Further examination showed fixed and
dilated pupils. Resuscitation was discontinued with her
family at the bedside. She died in less than four hours
of her initial presentation.
A complete autopsy was performed. Heart weight
was normal at 258 g, and her body weight was 62 kg.
The normal heart weight for a 60 kg female is 214 g
(confidence interval [95%]: 140 to 326 g) [3]. Examination of the major epicardial coronary arteries showed
anomalous origin of the left main coronary artery
(LMCA) from the right sinus of Valsalva (Figs 2A
and 2B). The ostium of the LMCA was widely patent
but partly slit-like and associated with an acute angle
take-off of the vessel. Indeed, the LMCA appears to
closely appose the aortic wall and is at least partially
sub-adventitial (Figs 3A and 3B). Further, the LMCA
was partly incorporated into the wall of the aorta within
the first centimeter of its origin. The LMCA passed
between the aorta and pulmonary artery before branching into left anterior descending and left circumflex
branches. All of these vessels were patent along their
entire length, with no areas of stenosis and no intravascular thrombi. The right coronary artery (RCA)
showed normal origin from within the right sinus of
Valsalva. The RCA followed a normal course and
was the dominant vessel forming the posterior descending branch. The RCA showed no areas of narrowing and no thrombi. The remainder of the heart was
grossly normal and without any additional congenital
anomalies. Microscopically, myocardial sections
showed widespread acute ischemic necrosis throughout the left ventricle. These ischemic areas were characterized by hypereosinophilia, myofibre waviness,
and widespread contraction band change (Fig. 2C).
No inflammatory cell reaction had developed. There
was no evidence of previous ischemic injury. Right
ventricle sections showed only acute ischemic
changes, but not necrosis.

V. Kukreti et al. / Anomalous origin of left main coronary artery

117

Fig. 1. Admission investigations on the reported patient obtained shortly after presentation. (A) A chest radiograph illustrating a normal cardiac
silhouette with severe pulmonary edema. (B) An electrocardiogram demonstrating acute ischemia. Note the bifascicular block (complete right
bundle branch block and left posterior fascicular block) and significant ST changes inferior-lateral. (C) An M-mode echocardiography of the
left ventricle in the para-sternal short axis (after fluid administration, inotropes and intubation). FS = Fractional shortening; EF = Ejection
fraction; Inset: A = Thickness of interventricular septum; B = End-diastolic dimension of left ventricle; C = Thickness of left ventricle free
wall; D = End-systolic dimension of left ventricle.

3. Discussion
Congenital coronary artery anomalies are a rare cause
of sudden death in children, as well as young adults,
mostly during or immediately after intense exertion on
the athletic field [4]. The reported incidence of coronary

artery anomalies is 0.6% to 1.3% in angiographic studies [5,6] and 0.3% in an autopsy series [6]. Although
the RCA arising from the left coronary sinus (anomalous right coronary artery [ARCA]) is four times
as common as the left coronary artery arising from
right sinus of Valsalva (anomalous left coronary artery
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Fig. 3. Intramural course of the proximal left main coronary artery.
(A) The cross sectional relationship of the anomalous left coronary
artery in relation to the aortic wall. The artery is closely apposed the
aortic wall and appears to be at least sub-adventitial. (B) A microscopic
image of the left main coronary artery partly incorporated into the wall
of the aorta within the first centimeter of its origin (Movat’s elastic
trichrome stain).

Fig. 2. Post-mortem cardiac examination. (A) External view of the
heart base. Arrow indicates the site of origin of the left main
coronary artery, between the aorta and pulmonary trunk. Arrowhead
shows the left main coronary artery as it courses away from the aorta
approximately 1 cm beyond its origin. (B) Internal view of left
ventricular outflow tract. Probe is inserted in the left coronary ostium
which is situated in the right sinus of Valsalva. (C) Microscopic
image of left ventricular myocardium showing changes of early
ischemic necrosis including prominent contraction bands (arrow).

[ALCA]), it is the ALCA, which is more commonly
associated with sudden death after vigorous physical
activity. Of the anomalies associated with sudden death,

ALCA was present in 0.017% to 0.03% of cases [5,7].
Of the four types of ALCA, the interarterial type, where
the left coronary artery passes anteriorly between the
aorta and pulmonary artery, is the only type that places
the patient at risk of sudden death [2]. The mechanism
by which there is sudden occlusion of the interarterial
coronary artery is unknown. A number of hypotheses
have been proposed involving the oblique passage of
the vessel as it leaves the aorta [8].
Recommendations for cardiovascular screening of
young athletes have been developed and endorsed
by several medical associations, and consist of a careful personal and family history and a comprehensive
physical examination [9]. Screening with 12-lead
ECG is generally not recommended, as it is limited in
its ability to detect coronary artery anomalies in young
competitive athletes [9–11]. Consequently, such coronary anomalies are not recognized during routine screening and are usually first recognized at autopsy. Indeed,
coronary anomalies are a great challenge to identify
and determine their clinical relevance so that proper
treatment can be instituted [12]. Approximately 4% to
7% of all patients with acute myocardial infarction do
not have atherosclerotic coronary artery disease by coronary arteriography or at autopsy, and such prevalence
is nearly four times greater in patients with acute myocardial ischemic events, under 35 yr of age [13,14].
Nearly 1% to 2% of general population has anomalous coronary anatomy [15]. After hypertrophic cardiomyopathy, coronary artery anomalies of origin from
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the wrong sinus of Valsalva are the second most common cause of death on an athletic field [11,16–21].
Sudden death during or immediately after athletic or
vigorous physical activity can occur at any age, but
since most competitive athletes are under age 50, sudden death secondary to a cardiac anomalous artery
occurs more frequently in the younger age group
[20]. The physiological demands of physical exercise
depend on type of exercise. Dynamic or isometric
exercise involves the use of large muscle masses that
increase venous return, increase left ventricular end
diastolic volume and together with adrenergic stimulation increase heart rate, blood pressure, cardiac output
and myocardial contractility. These responses increase
myocardial oxygen demand and this is met by
increased myocardial blood flow. In the presence of
coronary artery obstructive disease, sudden death is
related to either sudden marked myocardial ischemia
or myocardial scarring resulting in malignant ventricular arrhythmia [8].
In our case, the patient was in apparent good
health until presentation; however, her parents
recount a previous episode of syncope post-exertion.
On the day of her death, her clinical history is unremarkable except that she was jogging intensely. The
coronary artery abnormality remained undiagnosed
until revealed by autopsy. The precipitating cause
of death in this case is myocardial infarction was
likely decreased myocardial oxygen delivery, secondary to an anomalous origin of left coronary artery
from the right aortic sinus of Valsalva and the oblique passage of the artery as it exited the aorta.
Hyper-acute myocardial infarction was observed
globally in the left ventricle, also involving the
RCA territory, and was likely secondary to the global hypotension resulting in poor myocardial perfusion throughout her prolonged resuscitation.
Coronary anomalies predisposing to sudden death are
those with an anomalous left coronary artery from the
right sinus of Valsalva (ALCA) and those with an anomalous RCA from the left sinus of Valsalva (ARCA).
ALCA is considered more serious than ARCA because
of larger amount of left ventricular myocardium at
ischemic risk [22]. It has been reported that 100% of
cases with an anomalous left coronary artery died
suddenly as compared with 43% of cases with an anomalous RCA [22]. There are other coronary artery anomalies that very occasionally can be the etiology of sudden
death with physical activity. Patients with a single
coronary artery and ectopic origin have died suddenly
during athletic activity [23,24]. A small minority of
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patients with the ALCA arising from the pulmonary
artery live to adulthood before being diagnosed [25].
There are four types of ALCA defined by the path
the left coronary artery takes after arising from the right
coronary sinus [26]. The path of the first type is anterior to right ventricular outflow tract before reaching
the anterior sulcus, the usual area of bifurcation. The
second type courses behind the right ventricular outflow. The third one courses dorsal to the ascending
aorta. These three types in absence of atherosclerotic
plaque obstruction are benign. The fourth type arises
from the right sinus of Valsalva and passes obliquely
between the aorta and pulmonary trunk. This latter type
is the only one predisposing to sudden death [26].
There are several possible mechanisms for ischemia
in fourth type, when a LMCA arises from the right
sinus of Valsalva. Normally, the coronary ostia are
round to oval in shape, but in this anomaly, the artery
has an acute angulation at the origin that could make a
slit-like ostium. With increased cardiac output, the
aorta dilates with stretching of the wall making the
ostium severely narrowed [5,27]. Additionally, compression of the artery between the aorta and pulmonary root has been postulated [12]. The diagnosis of
coronary anomalies can be made through different
imaging modalities. Transthoracic echocardiography
often suggests the diagnosis; however, transesophageal echocardiography is useful in identifying an intra
or extramural course of the abnormal vessels [28]. In
addition, coronary angiography and magnetic resonance have been found useful for making the diagnosis [28,29].
This report emphasizes that it is rare to diagnose a
young patient with an anomalous left coronary artery
arising from the right sinus of Valsalva and that sudden
death during or shortly after vigorous physical activity
is often the first indication of the presence of these
coronary anomalies. Her previous seizure-like event
post-exertion may have been a critical warning of the
coronary abnormalities. Surgery is indicated in symptomatic ALCA (or ARCA) patients with non-lethal episodes of syncope, angina, arrhythmias, or resuscitation
after cardiac [8]. Surgical intervention usually involves
the direct repair of the anomalous origination in the aortic root or coronary artery bypass grafting. The management of asymptomatic patients remains controversial.
The use of extracorporeal membrane oxygenation or a
left ventricular assist device have been suggested for
patients with severely reduced ventricular function if
surgical re-implantation of the anomalous artery is feasible, or as a bridge to cardiac transplantation [30].
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However, in centers where extracorporeal membrane
oxygenation/left ventricular assist device are not available, such as ours, an alternative bridging solution might
be insertion of an intra-aortic balloon pump that is often
used in cases of left ventricular failure in adults secondary to coronary artery disease [31]. This case illustrates
that anomalous origin of the left coronary artery from
the opposite sinus of Valsalva (inter-arterial type) is a
rare congenital cardiac anomaly, and may present at
young age with catastrophic life threatening myocardial
infarction.

References
[1] Zeigler VL, Payne L. Sudden cardiac death in the young. Crit
Care Nurs Q 2010;33:219–32.
[2] Tavora F, Li L, Burke A. Sudden coronary death in children.
Cardiovasc Pathol 2010;19:336–9.
[3] Scholz DG, Kitzman DW, Hagen PT, Ilstrup DM, Edwards
WD. Age-related changes in normal human hearts during
the first 10 decades of life. Part I (Growth): A quantitative
anatomic study of 200 specimens from subjects from birth
to 19 years old. Mayo Clin Proc 1988;63:126–36.
[4] Marcus KA, Lemson J, Backx A, Singh SK, Neeleman C.
Anomalous coronary artery from the wrong sinus in a
15-year-old boy. Pediatr Cardiol 2009;30:205–7.
[5] Yamanaka O, Hobbs RE. Coronary artery anomalies in
126,595 patients undergoing coronary arteriography. Cathet
Cardiovasc Diagn 1990;21:28–40.
[6] Alexander RW, Griffith GC. Anomalies of the coronary arteries
and their clinical significance. Circulation 1956;14: 800–5.
[7] Wilkins CE, Betancourt B, Mathur VS, Massumi A,
De Castro CM, Garcia E et al. Coronary artery anomalies:
A review of more than 10,000 patients from the Clayton Cardiovascular Laboratories. Tex Heart Inst J 1988;15:166–73.
[8] Cheitlin MD, MacGregor J. Congenital anomalies of coronary arteries: Role in the pathogenesis of sudden cardiac death.
Herz 2009;34:268–79.
[9] Lyznicki JM, Nielsen NH, Schneider JF. Cardiovascular
screening of student athletes. Am Fam Physician 2000;62:
765–74.
[10] Maron BJ, Thompson PD, Puffer JC, McGrew CA, Strong WB,
Douglas PS et al. Cardiovascular preparticipation screening of
competitive athletes. A statement for health professionals from
the Sudden Death Committee (clinical cardiology) and Congenital Cardiac Defects Committee (cardiovascular disease in the
young), American Heart Association. Circulation 1996;94:
850–6.
[11] Corrado D, Basso C, Schiavon M, Thiene G. Screening for
hypertrophic cardiomyopathy in young athletes. N Engl J
Med 1998;339:364–9.
[12] Angelini P. Coronary artery anomalies—current clinical issues:
definitions, classification, incidence, clinical relevance, and
treatment guidelines. Tex Heart Inst J 2002;29:271–8.

[13] Cheitlin MD, McAllister HA, de Castro CM. Myocardial
infarction without atherosclerosis. JAMA 1975;231:951–9.
[14] Eliot RS, Baroldi G, Leone A. Necropsy studies in myocardial infarction with minimal or no coronary luminal reduction
due to atherosclerosis. Circulation 1974;49:1127–31.
[15] Engel HJ, Torres C, Page HL Jr. Major variations in anatomical origin of the coronary arteries: Angiographic observations
in 4,250 patients without associated congenital heart disease.
Cathet Cardiovasc Diagn 1975;1:157–69.
[16] Burke AP, Farb A, Virmani R, Goodin J, Smialek JE. Sportsrelated and non-sports-related sudden cardiac death in young
adults. Am Heart J 1991;121:568–75.
[17] Liberthson RR. Sudden death from cardiac causes in children
and young adults. N Engl J Med 1996;334:1039–44.
[18] Maron BJ. Sudden death in young athletes. Lessons from the
Hank Gathers affair. N Engl J Med 1993;329:55–7.
[19] Maron BJ, Epstein SE, Roberts WC. Causes of sudden death
in competitive athletes. J Am Coll Cardiol 1986;7:204–14.
[20] Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC,
Mueller FO. Sudden death in young competitive athletes. Clinical, demographic, and pathological profiles. JAMA 1996;
276:199–204.
[21] Maron BJ, Roberts WC, McAllister HA, Rosing DR, Epstein SE.
Sudden death in young athletes. Circulation 1980;62:
218–29.
[22] Frescura C, Basso C, Thiene G, Corrado D, Pennelli T,
Angelini A et al. Anomalous origin of coronary arteries and
risk of sudden death: A study based on an autopsy population
of congenital heart disease. Hum Pathol 1998;29:689–95.
[23] Mofrad PS, Weigold G, Clavijo LC. Sudden cardiac death in
athlete with anomalous single coronary artery. Cardiovasc
Revasc Med 2005;6:89–90.
[24] Choi JH, Kornblum RN. Pete Maravich’s incredible heart.
J Forensic Sci 1990;35:981–6.
[25] Lee AC, Foster E, Yeghiazarians Y. Anomalous origin of the
left coronary artery from the pulmonary artery: A case series
and brief review. Congenit Heart Dis 2006;1:111–5.
[26] Roberts WC, Shirani J. The four subtypes of anomalous origin of the left main coronary artery from the right aortic sinus
(or from the right coronary artery). Am J Cardiol 1992;
70:119–21.
[27] Waller BF. Exercise-related sudden death in young (age less
than or equal to 30 years) and old (age greater than 30 years)
conditioned subjects. Cardiovasc Clin 1985;15:9–73.
[28] Giannoccaro PJ, Sochowski RA, Morton BC, Chan KL.
Complementary role of transoesophageal echocardiography
to coronary angiography in the assessment of coronary artery
anomalies. Br Heart J 1993;70:70–74.
[29] Prakken NH, Cramer MJ, Olimulder MA, Agostoni P, Mali
WP, Velthuis BK. Screening for proximal coronary artery
anomalies with 3-dimensional MR coronary angiography.
Int J Cardiovasc Imaging 2010;26:701–10.
[30] Reich JD, Sutherland J, Winn K, Pettignano R. Intramural
anomalous left coronary artery from the right sinus of Valsalva supported with venoarterial extracorporeal membrane
oxygenation. South Med J 1999;92:714–6.
[31] Paul Collison S, Singh Dagar K. The role of the Intra-aortic
balloon pump in supporting children with acute cardiac
failure. Postgrad Med J 2007;83:308–11.

